Modulation of nicotinic acetylcholine receptors by intracellular calcium and cyclic AMP in Lymnaea stagnalis neurones.
Acetylcholine (ACh)-receptor ion channels were investigated under the modulatory action of calcium and cyclic AMP in completely isolated Lymnaea stagnalis neurones using the noise analysis technique. Elevation of the intracellular Ca2+ concentration in dialyzed neurones produced a reduction in the amplitude of ACh induced current accompanied by slight decrease in the mean channel open time and a simultaneous 1.5-fold increase in mean channel conductance. Direct introduction of cyclic AMP into neurones or elevation of intracellular cyclic AMP level by application of serotonin or forskolin produced 20-40% reduction in ACh-induced conductance without significant effect on the measured parameters of the ion channels. The inhibitory effects of calcium and cyclic AMP appear to be independent. Our findings indicate that reduction in ACh induced conductance under calcium and cyclic AMP modulation results from an alteration in the channel gating mechanism. Since the efficiency of ion transfer is independent of cyclic AMP, and it even rises with the elevation of calcium concentration, the inhibition of ACh responses may be accounted for by a decrease in the rate constant for channel opening, so that channels activated by acetylcholine remain in a closed state over longer intervals.